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Representation of Geometric Features on an Airfoil

Minimum X from Definition
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Minimum X values from airfoil definition and grid are different

Actual leading edge location may not exist in either description
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Meridional Representation of Airfoil in Throughflow Grid
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Use MBCAVG 

(mixing plane)

Solid Surfaces (Inviscid or Viscous)

Leading

Edge
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Boundary

Exit
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Trailing

Edge

User specifies aerodynamic data at the leading and trailing edges as 
radial profiles.

ADPACBC extrapolates the data to the inlet for the first block and to 
the exit for the last block.

Extrapolation is according to 1−D gas dynamics, conservation of mass 
and angular momentum.

Block interfaces use the ADPAC MBCAVG boundary specification.

Specification of ADPAC Boundary Conditions
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NASA Rotor 67 Hub Section
Mean Camber Line Representations

Meanline defined by
circumferential average

Meanline defined by centers of circles tangent to both
pressure and suction surfaces
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2−D Solution Plane
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S−Duct Geometry

S−Duct is an annular channel with twisting. The inlet and exit are
parallel to the machine axis so no body forces are present near the
boundaries. The width is constant, so there is no blockage.
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NASA Rotor 67 Axisymmetric Throughflow Analysis

A
ug

 2
2

19
95

, a
t1

2:
41

:4
8

VALUES

1= 0.800

2= 0.850

3= 0.900

4= 0.950

5=  1.00

6=  1.05

7=  1.10

8=  1.15

9=  1.20

10=  1.2

11=  1.3

12=  1.3

13=  1.4

14=  1.4

15=  1.5

16=  1.5

17=  1.6

18=  1.6

19=  1.7

20=  1.7

21=  1.8

22=  1.8

23=  1.9
5 5 5

5

5

5

6

7

8

9

10
1112

13

14

15

16

17

18

19

20 20

A
ug

 2
2

19
95

, a
t1

2:
41

:0
2

VALUES

1= 0.800

2= 0.850

3= 0.900

4= 0.950

5=  1.00

6=  1.05

7=  1.10

8=  1.15

9=  1.20

10=  1.2

11=  1.3

12=  1.3

13=  1.4

14=  1.4

15=  1.5

16=  1.5

17=  1.6

18=  1.6

19=  1.7

20=  1.7

21=  1.8

22=  1.8

23=  1.9

3

4

5

5

5

5

5

5

5

5

5

5

6

6

7

7

8

8

9

9

10

10
11

11

12
12 13

13

14

14

15

15

16

16 17
17

18

18

19

19

19
20
21
22

Body Forces Updated in Throughflow Analysis
Conforming to Streamsurface from Mean Camber Line and Carter’s Rule

A
ug

 2
2

19
95

, a
t1

2:
48

:5
5

VALUES

1= 0.800

2= 0.850

3= 0.900

4= 0.950

5=  1.00

6=  1.05

7=  1.10

8=  1.15

9=  1.20

10=  1.2

11=  1.3

12=  1.3

13=  1.4

14=  1.4

15=  1.5

16=  1.5

17=  1.6

18=  1.6

19=  1.7

20=  1.7

21=  1.8

22=  1.8

23=  1.9

4

5

5

5

5

5 5 5

6

6

7 8

9

10111213
14
15
16

17

18

Body Forces Computed From 3−D Solution Imposed in Throughflow Analysis

Body Forces Updated in Throughflow Analysis
Conforming to Streamsurface from 3−D Solution

Absolute Total Pressure

1999/



1999/



1999/



0.0 2000.0 4000.0
Iteration Number

1.0

1.5

2.0

T
ot

al
 P

re
ss

ur
e 

R
at

io

−5.0

−4.0

−3.0

−2.0

−1.0

0.0

lo
g1

0(
er

ro
r)

Max Error
RMS Error

0.0 2000.0 4000.0
Iteration number

0.0

0.5

1.0

1.5

A
di

ab
at

ic
 E

ffi
ci

en
cy

50.0

60.0

70.0

80.0

M
as

s 
flo

w
 (

lb
/s

)

Mass Flow In
Mass Flow Out

1999/



1999/



1

1

2

2

2

3

3

3

4

4

4
5

5

5

6

6

7

7
7

8

8 8

9
9

10

1

1

2

2

3
3

3

3

4 4
4

5

5

6

6

6

7

7

7

8

8

9

910

Level MACH
10 1.401
9 1.308
8 1.216
7 1.124
6 1.031
5 0.939
4 0.846
3 0.754
2 0.662
1 0.569

Analysis Mode

Design Mode

Rotor 37 (design speed and back pressure)

1999/



7.4 7.6 7.8 8.0 8.2 8.4
Radius (in.)

0.020

0.040

0.060

T
ot

al
 P

re
ss

ur
e 

Lo
ss

 C
oe

ffi
ci

en
t

Imposed Total Pressure Loss
AST Stator 5, loss model validation

1999/



7.5 7.7 7.9 8.1 8.3
Radius (in.)

150.0

152.0

154.0

156.0

158.0

T
ot

al
 P

re
ss

ur
e 

(p
si

)

Trailing Edge Total Pressure Profiles
AST Stator 5 Final Validation

ADPAC 2−D with loss model (stream surface from 3−D)
ADPAC 2−D inviscid (stream surface from 3−D)
ADPAC 3−D Navier−Stokes
ADPAC 2−D inviscid (mean camber surface+Carter’s Rule) 

1999/



1999/



1999/



1999/



GRAPE Grids for NASA Rotor 67 Hub Section
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NASA Rotor 67 Throughflow Analysis
Relative Mach Number
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NASA Rotor 67
Relative Mach Number

Third Iteration Through Coupled Throughflow and Blade−to−Blade Analyses
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NASA Rotor 67
Meridional Streamlines

Meridional streamli nes are computed th ree ways:
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3. Streamlines are computed from axisymmetric average of a full 3−D

Euler solution

After 3 Iterations
in TADS

Constant Percent Area

Axisymmetric Average of
Full 3−D Euler

1999/



1999/



VALUES

1= 0.000E+0

2= 0.100

3= 0.200

4= 0.300

5= 0.400

6= 0.500

7= 0.600

8= 0.700

9= 0.800

10= 0.900

11=  1.00

12=  1.10

13=  1.20

14=  1.30

15=  1.40

16=  1.50

17=  1.60

18=  1.70

19=  1.80

20=  1.90

21= 2.00

2

2
2

2
2 2

2
2

2

3

3
3

3

3

34

4

4
4

4

4
4

4

5

5

5

5

5

5

5

5

6

6

6

6

6

6

6

6

7

77

7
7

7

7

7

8

88

8
8

8

8

88

8

8

8

8
9

9

9 9

9

9

9

9

9

10

10

10

10

10
11

11

11

11

11
12

12

13

13

141516

VALUES

1= 0.000E+0

2= 0.100

3= 0.200

4= 0.300

5= 0.400

6= 0.500

7= 0.600

8= 0.700

9= 0.800

10= 0.900

11=  1.00

12=  1.10

13=  1.20

14=  1.30

15=  1.40

16=  1.50

17=  1.60

18=  1.70

19=  1.80

20=  1.90

21= 2.00

2

2

23

3

34

4

45

5

5
6

6

6

6

7

7

7

7

7

88

8

8

8

8

8

8

9
9

9

9

9

9

10

10
10

10

11

11

12

12

13141516

NASA Rotor 67
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RVCQ3D Blade−to−Blade Euler Solution
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Hub Section

Figure 7.4: The relative Mach number contours at the hub section are similar, but signi�cant

di�erences arise because of the separation at the trailing edge in the RVCQ3D solution.
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NASA Rotor 67
Relative Mach Number
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Euler Solution
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NASA Rotor 67
Relative Mach Number

Tip Section

Full 3−D Euler ADPAC Solution
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Meridional streamli nes are computed tw o ways:

Iteration 1. Streamlines are computed from the throughflow solution,
which used the mean camber line as the mean stream

surface

Iteration 4. Streamlines are computed from the throughflow solution,
which used the mean stream surface calculated from the
blade−to−blade solutions in Iteration 3.
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